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Description 



Technical Field 



The present invention relates to plastic optical articles with excellent gas barrier properties, conductivity 
durability, heat resistance, abrasion resistance, transparency and chemical resistance. 



Background Art 



Plastic materials in general are light-weight and have excellent impact resistance, processability and 
mass-producibility, and thus in recent years they have been in great demand as materials for optical devices 
such as optical filters, optical lenses and optical disks. At present, transparent resins such as 
polymethylmethacrylate, polystyrene and polycarbonate are mainly used as the plastic materials for these 
optical devices. 

Research is being conducted to impart conductivity to these plastic moldings for their increased functions 
Common methods for forming conductive films on moldings are physical methods of forming metal oxides 
such as indium/tin oxide (hereunder, ITO) and Sn02, or metals such as Au and Ag by vacuum deposition or 
sputtering. Plastic molds with conductive films obtained by these methods may be used as materials for 
electronic circuit components such as resistors; duplicating materials for electrophotographs and 
electrophotographic recording; transparent electrodes for electrochromic displays, electroluminescent displays 
and signal input for touch panels; photoelectric conversion elements such as solar cells and light amplifiers- 
as well as for anti-static effects, electromagnetic wave blocking, heating elements, sensors, and the like In ' 
particular, since such plastics may be made thinner and lighter in weight, are more pliable and resistant to 
cracking, and have more excellent workability than glass substrates, they are viewed with much promise as 
electrooptical elements for liquid crystal displays. 

However, when plastic transparent resins are used as substrates in liquid crystal displays, in comparison to 
glass substrates their heat resistance and strength of adhesion to the conductive films are low while their air 
permeability and moisture permeability are high, leading to problems such as deterioration of the liquid crystal 
substance due to permeation of oxygen, and increased power consumption of the display device due to 
permeation of moisture, and consequently their effect on the life-span and reliability of liquid crystal displays 
has been considerable.As one publicly known example of improvement of these problems there may be 
mentioned the method described in Japanese Unexamined Patent Publication No. 61-79644, wherein a film 
comprising a polyvinyl alcohol resin, which has superior gas barrier properties, is formed on a transparent 
resin, and a conductive layer is formed thereon. However, since polyvinyl alcohol resins are hydrophilic when 
they absorb large amounts of water the hydrogen bonds between the molecules, which are the basis of the 
high gas barrier effect, are broken by the water molecules, thus greatly reducing the gas barrier properties In 
addition, during etching of the conductive layer, the latter reacts with hydrochloric acid which is used as the 
etching fluid, thus causing deterioration of the film, and therefore polyvinyl alcohol resins cannot be used 
alone.As a result, as described in Japanese Unexamined Patent Publication No. 61-79644, there is required a 
laminar construction prepared by constructing a metal oxide film which has resistance to deterioration under 
high humidity, resistance to hydrochloric acid and excellent gas barrier properties, on a transparent resin 
substrate, and forming the conductive layer thereon. 

However, since such films comprising polyvinyl alcohol resins have a large difference in the linear expansion 
coefficients of the metal oxide film and transparent conductive layer formed on the film, during heat treatment 
and moisture absorption they are very prone to cracks in the metal oxide film and/or transparent conductive 
layer. Furthermore, in the construction mentioned above the metal oxide layer is formed directly on the 
transparent resin substrate, and thus the difference in the linear expansion coefficients of the substrate and 
metal oxide film is large, thus rendering the metal oxide film very prone to cracking during heat treatment. 

The object of the present invention is to overcome the problems described above by providing plastic optical 
articles with excellent gas barrier properties, conductivity, durability, heat resistance, abrasion resistance 
transparency and chemical resistance. 
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Disclosure of the Invention 



XSKSr^SS?—- A M opfca, ar«c,e 
layers B and F comprise one or ^3^°^^ ° S ' ng A be '° W ' **w i »< "> « the 

A. A transparent resin 

B. The following gas barrier layer B1 or B2- 

F. The following inorganic layers C and/or E 

C. A transparent electro-conductive layer 
E.A metal oxide and/or metal nitride layer 

a^scrlbeSK" 4 aCC ° rdin9 10 * he pr6Sent inVention is composed of a transparent 

Best Mode for Carrying Out the Invention 



resin 



w5hgla a s r s tran^^ mention, but transparent resins 

temperatures of 160 D EG C or hfgher havin^ven better h^lt FT** USed ' and those with 9 lass transiti ™ 
transition temperature is the K^M^tS2^^ tan( 1 3re 6Ven m0re preferred - The 9 lass 
to a rubber-like state, and ^jSSSS^^^JX^^ ° m 8 non - cr y stalline 9lass-like state 
refractive index and dielectricS^^ coe f ic ji nt - heat intent, 

temperature is possible based on the chlZZ in a 9 !" Measurement of the glass transition 

poblicfy k no»n method „or ^SlSSTiffr^r" * * 

hybrid system ^^Z^^SZl^XT^,^- ™ e >™ s r"*<*« resin may be in a 
also contain an inorganic SZi^TZ^^SZ * """^ ^ ' ™> 

mJZ^'^^^^t^^ « 130 DEG C or higher there may be 

poly(oxy-1,4-phenylenesulfW-liphe^ Polysulfonic resins represented by 

Jes^KJSteaXr, 'SgSftSSEZS^ * *?* 3 — « 

view of bansparency and moldaS and SS„ ™ eS ' ns ? re P arl 'C"lariy preferred from the point of 

Of ma above-menttonad copoiymers mere is preferably used a copolymer resu,«ng from polymerization of a 
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composition containing 20-98 wt% of a monomer represented by general formula (F) below and 2-80 wt% of a 
polyfunctional monomer with 2 or more unsaturated groups, and wherein the total weight proportion of the 
monomer represented by general formula (F) and the polyfunctional monomer with 2 or more unsaturated 
groups is 30 wt% or more. 

General formula (F) where R and R are substituents selected from hydrogen, methyl and ethvl and R is a 
substituent selected from hydrogen and hydrocarbon groups of 1-20 carbon atoms % 

R and R may be identical or different. When R is a hydrocarbon group, they may be specifically (i) linear alkvl 
Z^T^tft 7? ^ 6thy1, P :? p y!.\ octy1 and octadec y- <® branched alty groups such as lopropX * 
STiiK'J^" ¥ »f nd "SfPO^.O") al [ c VClic hydrocarbon groups such as cyclohexyl and methylcyclohexyl, 
(iv) aryl groups such as phenyl and methylphenyl, and (v) aralkyl groups such as benzyl and phenethyl. 

^ h U ,^rinL m o 0r !K R • R 3nd R , may be substituted with a variety of substituents including halogens such as fluorine 
chlorine and bromine, and cyano, carboxyl, sulfonic, nitro, hydroxy and alkoxy groups. 

Concrete examples of compounds represented by general formula (F) are N-methylmaleimide 
N-butylma leimide N-phenylmaleimide, N-o-methylphenylmaleimide, N-m-methylphenylmaleimide 
N-p-methylphenylmaleimide, N-o-hydroxyphenylmaleimide, N-m-hydroxyphenylmaleimide 
N-p-hydroxyphenylmaleimide, N-methoxyphenylmaleimide, N-m-methoxyphenylmaleimide 
N-p-methoxyphenylmaleimide, N-o-chlorophenylmaleimide, N-m-chlorophenylmaleimide ' 
N-p-chlorophenylmaleimide, N-o-carboxyphenylmaleimide, N-p-carboxyphenylmaleimide 
N-p-nitrophenylmaleimide, N-ethylmaleimide, N-cyclohexylmaleimide and N-isopropylmaleimide. 

If h l S |?Znn° a ft!?h ma / be U t Sed a l° n ?- ° r Wit !] 2 or more thereof in admixture. Furthermore, from the standpoint 
of yellowing afte heat resistance testing and weatherability, of the maleimide compounds mentioned above 
there are particularly preferred alkylmaleimides and cycloalkylmaleimides, with N-iso-propylmaSde and 

SSSSSSSfST* be,n9 * 6 f f a " y Preferred - h additi0n ' from the stand P° int of * ase of Preparation of 
the monomer solution and satisfactory properties during cast polymerization, an N-alkylmaleimide such as 
N-iso-propylmale.m.de and an N-alicyclic alkylmaleimide such as N-cyclohexylmaleimide are most preferably 
used in comb.nat.on.When used together, the proportion of the N-alkylmaleimide and N-aHcycNc y 
alkylmaleimide will depend on the types and amounts of the polyfunctional monomers with 2 or more 
US?!? J5 9r0 T S ' 9nd th u S mUSt be determined by appropriate experimentation, but in order to exhibit the 
effect of the comb.nat.on, they are preferably used in the range of 1 0 to 500 parts by weight of the N-alicvcHc 
maleimide to 1 00 parts by weight of the N-alkylmaleimide. V 

l^SSnr!! 0nal mo " omer wi 5 2 or u more unsaturated groups is a monomer with 2 or more unsaturated 
func lona groups copolymenzable w.th the above-mentioned maleides, examples of such copolymerizable 
ZTmJIT* b ?' n9 ™*™ th *™* acr y |ic and methacrylic groups. Also" monomers 
mo e different copolymenzable functional groups in the same molecule are included by the term 
polyfunctional monomer" according to the present invention. 

Munll™ S k 16 example ? ?J J e above-mentioned polyfunctional monomer with 2 or more unsaturated 
Snli? be mentioned (.) d,-, tn- and tetra(meth)acrylates of polyhydric alcohols, such as 
ethyleneg ycol d. meth)acrylate, diethyleneglycol di(meth)acrylate, triethyleneglycol di(meth)acrylate glycerol 
^/^ ( ™t^ C ?i ate V tr,m ? thyl0,pr0pane ( di/tri )(meth)acrylate, and pentaerythritol {tilUJ^XS^Sff 
(..) aromatic polyfunctional monomers such as p-divinylbenzene and o-divinylbenzene; (iii) esters such as vinvl 
acrylate ester and ally, (meth)acrylate ester; (iv) dienes such as butadiene, hexadiene and SSdSS ( v ) X 
monomers with a phosphazene skeleton polymerized with dichlorophosphazene as the starting materia and 
SfSn P°'f nc l0n f 9 rou P introduced therein; and (vi) polyfunctional monomers with a heterocyclic 
skeleton such as tnallylisocyanurate. ' 

J»ZSZlT£ nti ° ned Po'yo'efnjc copolymer composition preferably contains 20-98 wt% of the monomer 
Znnth n^. 9en f ra ' "T* (F) " At leSS than 20 tne P ro P erties of heat resistance, mechanicaT 
r Sn Jin?- a ° tr0Py ' 6tC - , are somet,mes not satisfactory, and at greater than 98 wt% he degree of 
crasslinking ,s reduced, sometimes rendering the solvent resistance and water absorption coefficient 

more p S SblJ 0W " ° f 3 °" 8 ° "** * m ° r6 Preferab ' e ' and 3 proportion of «WoH5 ta even 

The polyfunctional monomer with 2 or more unsaturated groups is preferably contained in the crosslinked 
polymer compose in a proportion of 2-80 wt%. At less than 2 wt%, crosslink™ will not proceed sufficientlv 

esfsSce Zlll^T' anCe S h °' Vent reSiStance ' AIS0 ' at 9 reater »»n «> ilSS^S^^' 
resistance is lowered, sometimes so much as to significantly lower the properties of the material as a plastic. 
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Preferably, various copolymerizable monomers are used in combination in the polyolefinic copolymer 
composition described above, for improvement of the mechanical strength, optical isotropy, high refractive 
index, low water absorption, dyeability, heat resistance, impact resistance, etc. Examples of such monomers 
that can be conjointly used include aromatic vinyl monomers, olefinic vinyl monomers, (meth)acrylic 
monomers and their ester monomers, polyvalent carboxylic anhydrides, etc. Specific examples of aromatic 
vinyl monomers include styrene, alpha -methylstyrene, p-methylstyrene, p-tert-butylstyrene, vinyltoluene, 
chlorostyrene and bromostyrene. Styrene, alpha -methylstyrene and p-methylstyrene are generally used for 
their suitable properties and because they are readily available industrially.Other concrete examples of 
preferred vinyl monomers include (i) vinyl cyanide monomers such as acrylonitrile and methacrylonitrile, (ii) 
(meth)acrylate (ester) type monomer such as methyl methacrylate, methyl acrylate, cyclohexyl methacrylate, 
t-butyl methacrylate, benzyl methacrylate, acrylic acid and methacrylic acid, and (iii) maleic anhydride. 

The total content of the monomer represented by the general formula (A) and the polyfunctional monomer 
with 2 or more unsaturated groups in the polyolefinic copolymer composition described above is preferably at 
least 30 wt% in the crosslinked resin composition, and more preferably is at least 40 wt%. If less than 30 wt%, 
the polymer will sometimes have inadequate transparency, heat resistance, chemical resistance and impact 
resistance. 

The addition of various UV-absorbers, antioxidants and antistatic agents to the transparent resin of the 
present invention is useful for improving the light resistance, oxidation degradation properties and antistatic 
properties. It is particularly preferred to copolymerize a monomer having UV absorbing properties or 
antioxidating properties because these properties can be improved without lowering the chemical resistance 
and heat resistance. Preferred examples of such monomers are benzophenone type UV absorbers having an 
unsaturated double bond, phenyl benzoate type UV absorbers having an unsaturated double bond and 
(meth)acrylic monomers having a hindered amino group as a substituent. These monomers for 
copolymerization are preferably used in the range of 0.5-20 wt%.lf the content is less than 0.5 wt%, the effect 
of the addition cannot be recognized, and if more than 20 wt%, the heat resistance and mechanical strength 
tend to be lowered. 

The method of polymerizing the transparent resin is not particularly limited, and the polymerization may 
usually be carried out by publicly known methods. If the transparent resin is a polyolefinic copolymer, the 
polymerization may be carried out by keeping the mixture of the monomers described above at a 
predetermined temperature in the presence or absence of a radical initiator. Any polymerization method, such 
as bulk polymerization, solution polymerization, suspension polymerization or casting polymerization may be 
employed. The degree of polymerization of the transparent crosslinked resin of the present invention is not 
particularly limited but a higher polymerization degree is preferred, and considering post-processing of the 
transparent film, such as solution coating and vacuum deposition, the degree of polymerization is preferably at 
least 90%.The polymerization of the transparent resin of the present invention may be carried out at a 
temperature of from 30 to 250 DEG C, and the rate of polymerization may be increased at a polymerization 
temperature of not lower than 130 DEG C, and preferably not lower than 150 DEG C. 

There are no particular limitations to the molding method of the transparent resin of the present invention, and 
extrusion molding, injection molding, solvent molding and casting polymerization may be employed. Casting 
polymerization is considered an effective molding method. Furthermore, considering the mechanical 
characteristics, the thickness of the substrate comprising the transparent resin is preferably 0.1-10 mm, and 
more preferably 0.1-0.8 mm. 

Layer B (cured layer composed mainly of a hydrophilic resin and an organosilicon compound) according to the 
present invention is a layer comprising, in addition to a hydrophilic resin, an organosilicon compound 
represented by general formula (A) (or a hydrolysate thereof) and an aluminum chelate compound 
represented by general formula (B). 
General formula (A) RaRbSiX4-a-b 

where R is an organic group of 1-10 carbon atoms, R is a hydrocarbon or halogenated hydrocarbon group of 
1 -6 carbon atoms, X is a hydrolyzing group and a and b are 0 or 1 . 
General formula (B) AIXnY3-n 

where X is OL with L representing a lower alkyl group;Y is at least one member selected from the ligands 
derived from the compounds represented by the general formulas (C) 

MCOCH2COM 

wherein each of M and M is a lower alkyl group, and (D) 
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MCOCH2COOM 

wherein each of M and M is a lower alkyl group; and n is 0, 1 or 2. 

This layer B also provides a gas barrier function in the plastic optical article. 

The hydrophilic resin according to the present invention may be any type of water-soluble resin, for example, 
hydroxylalkyl-substituted derivatives of cellulose, polyacrylamides, poly(meth)acrylic acid and metal salts 
thereof, totally or partially saponified polyvinyl acetate, and polyvinylpyrrolidone, as well as polyhydroxyalkyl 
(meth)acrylates and their copolymers, alkylpolyalkyleneoxide (meth)acrylate polymers and their copolymers, 
and hydrophilic urethane resins; it is not limited so long as its hydrophilicity is sufficient to exhibit a gas barrier 
effect.From the standpoint of compatibility and crosslinkability with the organic silicon compound, it is 
particularly preferable to use a hydroxy-containing polymer, for example a hydroxyalkyl cellulose, totally or 
partially saponified polyvinyl acetate, generally known as polyvinyl alcohol, polyhydroxy (meth)acrylate, or a 
copolymer thereof. Specific examples of hydroxyalkyl celluloses include hydroxymethyl cellulose, hydroxyethyl 
cellulose and hydroxypropyl cellulose. Also, a polyvinyl alcohol particularly preferred for use according to the 
present invention has an average polymerization degree of 250-3000 and a saponification degree of 70 mol% 
or greater. If the average polymerization degree is less than 250, the durability and particularly the moisture 
resistance will be lacking, and if it is greater than 3000 the viscosity of the composition after it is made into a 
paint will be high, leading to difficulty in obtaining a smooth coating, as well as other working problems. Also, if 
the saponification degree is less than 70 mol%, adequate gas barrier characteristics cannot be expected. 

As polyhydroxyalkyl (meth)acrylates there may be mentioned polyhydroxyethyl acrylate, polyhydroxyethyl 
methacrylate, polyhydroxypropyl acrylate, polyhydroxypropyl methacrylate and copolymers of these polymers 
prepared by adding other monomers, for example methyl methacrylate and the like. 

These hydrophilic resins do not display their effect of improving the gas barrier properties of layer B if they are 
present in too low a proportion. On the other hand, the hydrophilic resin is preferably not present in layer B in 
too high a proportion from the viewpoint of improving the other properties provided by the coating of layer B, 
such as heat resistance, chemical resistance, solvent resistance, hardness and durability. In view of the 
above, the proportion of the hydrophilic resin in layer B is preferably 10-95%. 

Furthermore, the use of an organosilicon compound and aluminum chelate compound in the cured film 
composed mainly of a hydrophilic resin and an organosilicon compound is preferred from the standpoint of 
improving the durability, adhesion to the transparent resin substrate, moisture resistance and the necessary 
hydrochloric acid resistance during etching after the conductive layer is set. In addition, there may be added 
more than one hydrophilic resin, organosilicon compound and aluminum chelate compound. 

First, the organosilicon compound is not particularly limited, but organosilicon compounds represented by the 
following formula (A) and their hydrolysates are preferred. 
General formula (A) RaRbSiX4-a-b 

where R is an organic group of 1-10 carbon atoms, R is a hydrocarbon or halogenated hydrocarbon group of 
1-6 carbon atoms, X is a hydrolyzing group and a and b are 0 or 1 . 

Specific examples thereof are (i) as tetrafunctional silane compounds: tetraalkoxysilanes and their 
hydrolysates, such as methyl silicate, ethyl silicate, n-propyl silicate, iso-propyl silicate, n-butyl silicate, 
sec-butyl silicate and t-butyl silicate; (ii) as trifunctional silane compounds: trialkoxysilanes, triacyloxysilanes, 
triphenoxysilanes and their hydrolysates, such as methyltrimethoxysilane, methyltriethoxysilane, 
methyltriacetoxysiiane, methyltripropoxysilane, methyltributoxysilane, ethyltrimethoxysilane, 
ethyltriethoxysilane, vinyltrimethyoxysilane, vinyltriethoxysilane, vinyltriacetoxysilane, phenyltrimethoxysilane, 
phenyltriethoxysilane, phenyltriacetoxysilane, gamma -chloropropyltrimethoxysilane, gamma 
-chloropropyltriethoxysilane, gamma -chloropropyltriacetoxysilane, gamma 
-methacryloxypropyltrimethoxysilane, gamma -aminopropyltrimethoxysilane, gamma 
-aminopropyltriethoxysilane, gamma -mercaptopropyltrimethoxysilane, gamma 
-mercaptopropyltriethoxysilane, N- beta -(aminoethyl)- gamma -aminopropyltrimethoxysilane, beta 
-cyanoethyltriethoxysilane, methyltriphenoxysilane, chloromethyltrimethoxysilane, chloromethyltriethoxysilane, 
glycidoxymethyltrimethoxysilane, glycidoxymethyltriethoxysilane, alpha -glycidoxyethyltrimethoxysilane, alpha 
-glycidoxyethyltriethoxysilane, beta -glycidoxyethyltrimethoxysilane, beta -glycidoxyethyltriethoxysilane, alpha 
-glycidoxypropyltrimethoxysilane, alpha -glycidoxypropyltriethoxysilane, beta -glycidoxypropyltrimethoxysilane, 
beta -glycidoxypropyltriethoxysilane, gamma -glycidoxypropytrimethoxysilane, gamma 
-glycidoxypropyltriethoxysilane, gamma -glycidoxypropyltripropoxysilane, gamma 
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-glycidoxypropyltributoxysilane, gamma -glycidoxypropyltriphenoxysilane alpha 

-g ycidoxybutyltrimethoxysilane, alpha -glycidoxybutyltriethoxysilane, beta -glycidoxybutyltrimethoxvsilane beta 
^S S^^T- 9a T ma ' -9'y^oxybutyltrimethoxysilane, gamma -gl^idoxybut^SSne 
delta -glycidoxybutyltnmethoxysilane, delta -glycidoxybutyltriethoxysilane 
(3 4-epoxycyclohexyl)methyltrimethoxysilane, (3,4-epoxycyclohexyl)methyltriethoxysilane, beta 

- 3,4-epoxycyc ohexy ethyltrimethoxysilane, beta -(3,4-epoxycyclohexyl)ethyltriethoxysilane, beta 

- 3,4-epoxycyc ohexy e hy^tnpropoxysilane, beta -(3,4-epoxycyclohexyl)ethyltributoxysilane, beta 

t'l'Tr, y yC °£ 6Xy W n f hox y s,lane - delta -(3>4-epoxycyclohexyl)butyltrimethoxysilane, delta 
-(3 4-epoxycyclohexyJ)butyltnethoxysilane, etc.; and (Hi) as difunctional silane compounds: dia koxysilanes 
diphenoxysilanes and d.acyloxysilanes and their hydrolysates, such as dimethyldimethoxysSane ' 
phenylmethyldimethoxysilane, dimethyldiethoxysilane, phenylmethyldiethoxysilane gamma ' 
n C ™ Pr ° P ^ ^ etn ^ dimeth0 ^»ane. gamma -chloropropylmethyldiethoxysilane, dimethyldiacetoxysilane 
gamma -methacryloxypropylmethyldimethoxysilane, gamma -methacryloxypropylmethyldiethoxvsilane 

mSKT yld : meth °f yS i anet ° amma - amin opraPy'methi,diethoxysilane, methylvinyldimeWxysilane 

-g ycidoxyethylmethyldimethoxysilane, alpha -glycidoxyethylmethyldiethoxysilane beta 
-g ycidoxyethylmethyldimethoxysilane, beta -glycidoxyethylmethyldiethoxysilane alpha 
-g ycidoxypropylmethyldimethoxysilane, alpha -glycidoxypropylmethyldiethoxysilane beta 
-g ycidoxypropylmethyldimethoxysilane, beta -glycidoxypropylmethyldiethoxysilane, gamma 
-g ycidoxypropy^methyldimethoxysilane, gamma -glycidoxypropylmethyldiethoxysilane, gamma 
-g ycidoxypropylmethyldipropoxysilane, gamma -glycidoxypropylmethyldibutoxysilane gamma 
n 2SS y m e%lmethoxyethoxysilane, gamma -glycidoxypropylmethyldiphenoxysilane, gamma 
-g yc.doxypropy^methyldiacetoxys.lane, gamma -glycidoxypropylethyldimethoxysilane, gamma 
-g ycidoxypropylethyldiethoxysilane, gamma -glycidoxypropylvinyldimethoxysilane, gamma 
-g ycidoxypropy vinyldiethoxysilane, gamma -glycidoxypropylphenyldimethoxysilane, gamma 
-glycidoxypropylphenyldiethoxysilane, etc. 

One or more of these organosilicon compounds may be added to the coating composition of layer B. 
Furthermore, although any of the above-mentioned organosilicon compounds may be used, a difunctional 
£*ZZ£lZ^ B* ** ^ (E) iS Preferably USed for ^eater improvement Xe 

General formula (E) RRSiX2 

where R and R are organic groups of 1-10 carbon atoms and X is a hydrolyzing group. 

Also, from the standpoint of improvement in the gas barrier properties, there are preferably a large number of 
ffiSLSF"* 1 ' 0 ° th f K 96 " b ° ndin9 9r0UpS present in the hydrophilic resin. If there are too ?ew 
Mroph J^resh ° 0mp0Und added to the system reacts witn tne h y drox V ™* carboxylic groups of the 

The cured layer becomes crosslinked by this reaction, providing improved properties such as heat resistance 
chem,cal resistance, solvent resistance, hardness and durability to the cured layer. Therefore the amount of 
the organosilicon compound to be added must be determined with care so as not to impair theS properties 

J m%n e / 0r9a H n ° S,llCOn C ° mp0Und is added t0 the cured 9 as barrier in ^ amount plSyrt 
0.01-20%, and more preferably of 0.1-10%, for optimum balance of the properties. 

I h r e n!r^ 9 ^r OSi i!?^ COmpOUnC ! S T Dref erably hydrolyzed before use in order to lower the hardening 
temperature and further promote the curing. The hydrolysates may be obtained by adding and mixing 
therewith purified water or an aqueous acidic solution such as hydrochloric acid, acetic add or Sric acid Bv 

Sn J rtr 9 f t h he H a ^° Unt ? "2 T fied water or aQ - ueous acidic so,ution add « d it is possibl to Sconce 
degree of hydrolysis. For the hydrolysis, in order to promote curing, the purified water or aqueous acidic 
soluuon is i preferably added in an amount of 1 to 3 molar equivalents of the hydrolyzing arSup^ " the 
compound represented by general formula (A). Since an alcohol, etc. is genJat^SrS^hldSU the 

be^eJou ^^22? 3 S0lvent H r eVe ;' t0 pr ° m0te the h y dro| y sis with «S5?«3KX i may 
owf 2 H ? IT > or 9 an ° s,llcon compounds and the solvent are mixed. Depending on the intended 
object the alcohol, etc. may be removed by heating and/or by evaporation at a reduced I Dressureafte -the 
hydrolysis, and a suitable solvent may also be added thereafter. pressure arter the 

IiM^m^hT, ° t helate comp ° und used t0 9 eth er with the organosilicon compound is most preferably an 
aluminum chelate compound represented by the following general formula (B). P"»eraDiy an 
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General formula (B) AIXnY3-n 

where X is OL with L representing a lower alkyl group; Y is at least one member selected from the liqands 
derived from the compounds represented by the general formulas (C) 

MCOCH2COM 

wherein each of M and M is a lower alkyl group, and (D) 
MCOCH2COOM 

wherein each of M and M is a lower alkyl group; and n is 0, 1 or 2. 

Although a wide variety of compounds may be mentioned as the aluminum chelate compounds represented 
by general formula (B), particularly preferred are aluminum acetylacetonate, aluminum 
bisethylacetoacetatemonoacetylacetonate, aluminum di-n-butoxidemonoethylacetoacetate and aluminum 
dHso-propoxidemonomethylacetoacetate from the standpoint of solubility, stability in the composition and 
effect as curing catalysts. Two or more of these aluminum chelate compounds may be used in admixture in 
the coating composition of layer B. 

The amount of these aluminum chelate compounds to be added is preferably in the range of 0 01-10 parts 
with respect to the cured film of layer B. If the amount of the aluminum chelate compound is less than 0 01 
P u.'l f • Cunng of layer B is not satisfactor y and the resulting hardness and durability does not withstand use 
while if it is greater than 10 parts, yellowing of layer B occurs. Furthermore, if the aluminum chelate compound 
is added only in the minimum required amount, the potlife of the paint used to prepare layer B becomes 
shorter, and the gas barrier properties of layer B are impaired. The amount of the aluminum chelate 
compound to be added is determined based on the above considerations and depending on the 
circumstances, but it is most preferably in the range of 0.1-0.05 parts. 

The composition described above is preferably diluted in a common volatile solvent and applied as a liquid 
composition, and there are no particular restrictions on the solvent used; however, it must not damage the 
surface characteristics of the applied coating when used, and it should be selected with consideration to the 
stability of the composition, wettability to the substrate, volatility, etc. Two or more solvents may also be used 
in admixture. Specific examples of these solvents are alcohols, esters, ethers, ketones such as methyl 
isobutyl ketone, dimethylformamide, dimethylsulfoxide and dimethylimidazolidinone. 

When the liquid composition is applied onto the transparent resin layer (A) and the cured layer (B) is formed 
ttiereon, the properties of the solvent are expected to greatly influence the structure of the cured layer 
Therefore, the properties of the above-mentioned solvents affect the optical and gas barrier properties which 
reflect the structure of the cured layer, and consequently the solvent must be selected while considering these 
aspects. Study has revealed that inclusion of a cyclic ether compound as part of the solvent is effective for 
obtaining good properties of the cured layer, including optical and gas barrier properties. 

Specific examples of such cyclic ether compounds include tetrahydrofuran, tetrahydropyran 
hexamethyleneoxide, 1 ,3-dioxolane, 1,4-dioxane, 2-methyl-1,3-dioxolane, 4-methyl-1 ,3-dioxalane 
4-methyl-1 ,3-dioxane, 2,4-dimethyl-1 ,3-dioxane, and the like. 

In addition inclusion of dimethylimidazolidinone in the solvent is effective for improving the properties of 
adhesion between the cured resin and the substrate. However, if the dimethylimidazolidinone is added to the 
solvent in too great an amount the degree of yellowing of the cured film becomes higher, thus complicatinq its 
use in optical applications. Consequently, its content in the solvent is preferably in the range of 0 01-10% to 
both maintain adhesion with the substrate and minimize yellowing of the cured film. " ' 

Inorganic fine particles may also be combined with the film for improved durability of the film and for a proper 
mear expansion coefficient. The inorganic fine particles used for this purpose are not particularly limited so 
long as they do not impair the transparency when in the form of a film. From the standpoint of improved 
operation efficiency and imparting transparency, sols dispersed in colloidal form are particularly preferred 

S^ l e ?nHi e ^? er x? indude Silica sol> antimor| y oxide sol, titania sol, zirconia sol, alumina sol, tungsten 
ox.de sol, and the like. There is no problem with surface treating the fine particles or adding surfactants or 
amines for better disability of the inorganic fine particles. Of the above examples, silica sol is used 
preferentially. The silica sol preferably has an average particle size of 1-200 nm.Silica sol is a colloidal 
thp P n^?r c f l ?' 9 h n - molecu ar " wei ? ht silicic anhydride in water and/or an organic solvent such as alcohol. For 
the purpose of the present invention, a sol with an average particle size of 1-200 nm is used, but the average 
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particle size is preferably 5-100 nm, and more preferably 20-80 nm. Sols with an average particle size of less 
than 1 nm have poor stability as dispersions and make it difficult to achieve constant quality, while those over 
200 nm lead to poor transparency of the resulting film and only yield very turbid films. 

Any type of additive or modifier may also be included in the cured layer. As the additive there may be used a 
surfactant for improved surface smoothness, and specifically, silicone compounds, fluorine surfactants and 
organic surfactants may be used. As the modifier there may be added an organic polymer with good 
compatibility with the hydrophilic resin and organosilicon compound, such as alcohol-soluble nylon as well as 
tetrafunctional silane compounds such as ethyl silicate, n-propyl silicate, i-propyl silicate n-butyl silicate 
sec-butyl silicate, t-butyl silicate, etc. Various epoxy resins, melamine resins and amide resins are also ' 
suitable. Various curing agents may also be used in combination therewith, to promote curing and allow 
hardening at low temperature. Curing agents for epoxy resins or organosilicon resins may be used as the 
curing agent. Concrete examples of such curing agents are organic acids and their acid anhydrides 
nitrogenous organic compounds, various metal complexes, metal alkoxides, various salts such as organic 
carboxylates and carbonates of alkali metals, and radical polymerization initiators such as peroxides and 
azobisisobutyronitnle. Two or more kinds of these curing agents may be used in admixture. Of these curing 
agents, the above-mentioned aluminum chelate compounds are particularly useful from the point of view of 
stability of the coating composition and prevention of coloring of the film after coating. 

Depending on the use to which the present invention is applied, other additives in addition to the hydrophilic 
resin and organosilicon compound may provide improvements in the various properties such as gas barrier 
conductivity, durability, heat resistance, weatherability, adhesion and chemical resistance of the film formed' by 
the composition of the cured film of the present invention composed mainly of a hydrophilic resin and an 
organosilicon compound. 

The composition for forming the cured layer may be prepared by simply mixing the components, or dependinq 
on the components, pretreatment such as hydrolysis and the mixing of the other components; any methods 
for these may be usefully employed in the production of the composition of the present invention. 

The method of applying the coating composition for the cured layer on the transparent resin may be any 
ordinary coating method such as brush coating, dip coating, roll coating, spray coating, spin coatinq flow 
coating or the like. 

For application of the coating composition, various pretreatments are effective to improve the cleanness 
adhesion, moisture resistance, and so forth. Particularly preferred methods are activated gas treatment ' 
chemical treatment and UV treatment. These pretreatments may be performed together either continuously or 
step-wise. " ' 

Activated gas treatment is treatment utilizing ions, electrons or activated gases generated at normal or 
reduced pressure. The methods of generating such activated gases include corona discharge, and high 
voltage discharge using direct current, low frequency, high frequency or microwaves, at a reduced pressure. 

The gas to be used is not particularly limited, and specific examples thereof include oxygen nitrogen 
hydrogen, carbon dioxide, sulfur dioxide, helium, neon, argon, freon, water vapor, ammonia carbon ' 
monoxide, chlorine, nitrogen monoxide, nitrogen dioxide, and the like. These gases may be 'used alone or as 
a mixture of two or more. Of the examples mentioned above, oxygen-containing gases, particularly those 
existing naturally, such as air, are preferred. Pure oxygen gas is more preferable for improved adhesion 
During the treatment, the temperature of the treated substrate may be raised for the same purpose. 

Specific examples of chemical treatment include (i) alkali treatment using caustic soda, (ii) acid treatment 
using hydrochloric acid, sulfuric acid, potassium permanganate, potassium dichromate, etc., and (iii) orqanic 
solvent treatment. ° 

The pretreatment described above may be performed either continuously or step-wise. 

The thickness of the cured layer of the present invention composed mainly of the hydrophilic resin and the 
organic silicon compound is not particularly limited, but is preferably within the range of 0.1 to 1 50 mu and 

HZnXl 6 ? ra ? y 0-3 ? 7< l71 U 1 S m the point of view of im P artin 9 gas barrier properties, maintaining adhesion 
strength, hardness durability of the metal oxide and/or metal nitride layer, and durability of the transparent 
conductive layer. When applying the layer, the composition is diluted in various solvents to adjust the 

T^?l 1 ,K y 3nd ^ e thiCk . n ! 1 S f ° f the CUred layer ' and various solvents ma y be used, including water 
alcohol, esters, ethers, halogenated hydrocarbons, dimethylformamide, dimethyl sulfoxide, etc., in accordance 
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with the intended object. A mixed solvent may also be used, if necessary. 

The cured layer is obtained by curing the above-mentioned coating composition, and the curing may be 
performed by heat treatment. The heating temperature is appropriately selected based on the components of 
the coating composition and the heat resistance of the transparent resin, but it is preferably from 50 DEG C to 
250 DEG C. At lower than 50 DEG C the curing is insufficient, and at higher than 250 DEG C coloring and 
deterioration of the cured film results. 

The gas barrier property of oxygen permeability of the cured layer of the present invention composed mainly 
of the hydrophilic resin and the organic silicon compound is preferably 50 [cc/m.day.atm] or less and more 
preferably 10 [cc/m.day.atm] or less. 

For the purpose of improved gas barrier properties, conductivity, durability, heat resistance, abrasion 
resistance and chemical resistance of the cured layer, there is no problem with forming a multi-layered film 
consisting of 2 or more layers of the composition having the same or different component ratios. 

The transparency of the transparent resin containing the cured layer, when expressed as the total light 
transmittance when no coloring occurs, is preferably 60% or greater, and more preferably 80% or greater. 
When used for applications requiring optical isotropy, such as for a liquid crystal display substrate, optical disk 
substrate or the like, the birefringence is preferably below 30 nm, and more preferably below 15 nm. 

Layer B2 is composed mainly of a resin with an oxygen permeability coefficient of 1 x 10 [cm. cm/cm. sec. Pa] 
or less, and a water vapor permeation coefficient of 1 x 1 0 [cm.cm/cm.sec.Pa] or less. 

Specific examples of this type of resin include polyvinylnitrile resins such as polyacrylonitrile, 
polymethacrylonitrile and poly(2-chloroacrylonitrile); polyvinylidene halide resins such as polyvinylidene 
chloride, polyvinylidene fluoride; vinyl halide resins such as vinyl chloride resin; polyamide resins such as 
nylon-6, nylon-66 and nylon-1 1 ; and polyester resins such as polyethylene terephthalate. Also included are 
copolymers of these the monomer units of these polymers. Latex polymers composed mainly of these resins 
may be preferentially used for their ease of application. Specifically, "SARAN LATEX" of Asahi Kasei Kogyo 
Co. and "CREHALON LATEX" of Kureha Kagaku Kogyo Co. may be mentioned. 

Inorganic fine particles may also be incorporated with the resin in layer B2 for improved durability of the film 
and for a proper linear expansion coefficient. The inorganic fine particles used for this purpose are not 
particularly limited so long as they do not impair the transparency when in the form of a film. From the 
standpoint of improved operation efficiency and imparting transparency, sols dispersed in colloidal form are 
particularly preferred. Specific examples thereof include silica sol, antimony oxide sol, titania sol, zirconia sol, 
alumina sol, tungsten oxide sol, and the like. There is no problem with surface treating the fine particles or 
adding surfactants or amines for better dispersability of the inorganic fine particles. The inorganic fine particles 
preferably have an average particle size of 1-200 nm, more preferably 5-100 nm, and even more preferably 
20-80 nm. Particles with an average particle size of less than 1 nm have poor stability as a dispersion and 
make it difficult to achieve constant quality, while those over 200 nm lead to poor transparency of the resulting 
film and only yield very turbid films. 

In addition, surfactants required for formation of a uniform film and crosslinkers required for improved solvent 
resistance of the film may be incorporated as necessary. 

The following method may be mentioned as a means for coating the layer B2 film on the transparent resin. 
The above-mentioned coating composition composed mainly of a resin with an oxygen permeability coefficient 
of 1 x 10 [cm.cm/cm.sec.Pa] or less, and a water vapor permeation coefficient of 1 x 10 [cm.cm/cm.sec.Pa] or 
less is dissolved in a solvent capable of dissolving it, and this solution is used as a paint for application by an 
ordinary coating method such as brush coating, dip coating, roll coating, spray coating, spin coating, flow 
coating or the like. 

As the transparent electro-conductive layer which is layer C of the present invention, there may be used a 
conductive thin film of a metal oxide such as ITO, tin oxide, cadmium oxide, etc., a metal such as gold, silver, 
copper, palladium, nickel, aluminum, chromium, etc. or a conductive polymer. Of these, ITO is preferably used 
when various properties such as transparency and low resistance are being considered. Publicly known 
methods can be used to form the metal oxide thin film such as the ITO film or metal thin film, including the 
vacuum deposition method, ion plating method, sputtering method, coating method or spraying method. A 
known method such as DC sputtering, RF discharge sputtering or magnetron sputtering may be used as the 
sputtering method ("Sputtering Phenomenon", Akira Kimbara, published by The Tokyo University Press 
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1984).The substrate temperature when forming the film may be appropriately selected based on the type of 
the transparent resin and cured layer, giving consideration to transparency, low resistance, adhesion heat 
resistance and chemical resistance. Also, the proportion of the ITO is preferably determined based on the 
surface resistance value, specific resistance, transparency, etc. required for a transparent electroconductive 
layer, but from the standpoint of low resistance and transparency, the Sn02 content is preferably 25 wt% or 
less, and for an even lower resistance value, a high density ITO target close to the true density of ITO is 
preferably used as the ITO target. The thickness of the transparent conductive film is not particularly limited 
but from the standpoint of conductivity, film formation time and mechanical properties, it is preferably selected 
appropriately within the range of 1 50-5000 angstroms. 

The inorganic fine particles to be used in layer D of the present invention are not particularly limited so long as 
they do not impair the transparency when in the form of a film. From the standpoint of improved operation 
efficiency and imparting transparency, sols dispersed in colloidal form are particularly preferred More specific 
examples thereof include silica sol, antimony oxide sol, titania sol, zirconia sol, alumina sol, tungsten oxide 
sol, and the like. There is no problem with surface treating the fine particles or adding surfactants or amines 
for better dispersability of the inorganic fine particles. 

The inorganic fine particles are added for improvement in the surface hardness, adjustment of the refractive 
index, improvement in the mechanical strength, improvement in the thermal properties, and improvement in 
the durability of the metal oxide and/or metal nitride layer constructed on the cured layer containina the 
inorganic fine particles. 

The particle size of the inorganic fine particles is not particularly limited, but it is normally 1-200 nm preferably 
5-100 nm, and more preferably 20-80 nm. Particles with an average particle size of less than 1 nm have poor 
stability as a dispersion and make it difficult to achieve constant quality, while those over 200 nm lead to poor 
transparency of the resulting film and only yield very turbid films. 

The amount of the inorganic fine particles to be added is not particularly limited, but in order to achieve a 
notable effect it is preferably 1 wt% or more and 80 wt% or less in the transparent film. At less than 1 wt% a 
clear effect of the addition is not recognized, and at greater than 80 wt% problems tend to occur such as poor 
adhesion to plastic substrates, cracking of the film itself, and lower impact resistance. 

The cured layer containing the inorganic fine particles composing layer D of the present invention contains an 
organic polymer in addition to the inorganic fine particles. Specific examples of organic polymers making up 
the cured layer are acrylic resins, silicone resins, polyurethane resins, epoxy resins, melamine resins 
polyolefinic resins, cellulose resins, polyvinyl alcohol resins, urea resins, nylon resins, polycarbonate resins 
and the like. These resins may be used alone or as 2 or more in admixture, and various curing agents and ' 
crosslmking agents may also be used for three-dimensional crosslinking. For applications where surface 
hardness is particularly important, a curable resin is preferred, and for example, a simple or complex system 
of an acrylic resin, silicone resin, epoxy resin, polyurethane resin or melamine resin is preferably 
used.Furthermore, when various properties such as surface hardness, heat resistance, chemical resistance 
and transparency are taken into consideration, a silicon resin is particularly preferred as the organic polymer 
and polymers obtained from the organosilicon compounds represented by the aforementioned general 
formula (A) or their hydrolysates are even more preferred. 

One or more of the above-mentioned organic silicon compounds may be added. In particular, to impart 
dyeability, the use of the organosilicon compound containing an epoxy group and a glycidoxy'group is 
preferable, and the resulting product has a high addition value. • - ■ - - 

The film-forming composition composed mainly of a silicone resin may contain, in addition to the silicone 
resin, an acrylic resin, polyurethane resin, epoxy resin, melamine resin, polyolefin resin, cellulose resin 
polyvinyl alcohol resin, urea resin, nylon resin or polycarbonate resin; these are not particularly limited but 
must be within a range which does not lead to deterioration of the transparency and which provides the 
necessary surface hardness. 

Various curing agents may also be used in combination with the coating composition used in forming the 
cured layer containing the inorganic fine particles, to promote curing and allow hardening at low temperature 
Curing agents for epoxy resins or organosilicon resins may be used as the curing agent. 

Concrete examples of such curing agents are organic acids and their acid anhydrides, nitrogenous orqanic 
compounds, various metal complexes, metal alkoxides, various salts such as organic carboxylates and 
carbonates of alkali metals, as well as radical polymerization initiators such as peroxides and 
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azobisisobutyronitrile. Two or more kinds of these curing agents may be used in admixture. Of these curinq 
agents, the above-mentioned aluminum chelate compounds are particularly useful from the point of view of 
stability of the coating composition and prevention of coloring of the film after coating. 

Various surfactants may be added to the coating composition used for forming the cured layer containinq the 
inorganic fine particles, to thus improve the flow at the time of application, to improve the smoothness of the 
cured layer and to reduce the friction coefficient of the film surface. Particularly, block or graft copolymers of 
dimethylpolysiloxane and alkylene oxide and fluorine type surfactants are effective. 

Inorganic materials other than the inorganic fine particles may be added to the coating composition used for 
forming the cured layer containing the inorganic fine particles, within a range in which the film properties and 
transparency are not greatly lowered. The combined use of these additives can improve various 
characteristics such as adhesion to the substrate, chemical resistance, surface hardness, durability and 
dyeabihty The inorganic materials that can be added are metal alkoxides represented by the following general 
formula (G), chelate compounds and/or their hydrolysates. 9 9 

General formula (G) M(OR)m 

wherein R is an alky] I group, an acyl group or an alkoxyalkyl group, m is the same value as the charge number 
of the metal M, and M is silicon, titanium, zirconium, antimony, tantalum, germanium or aluminum. 

Furthermore, a UV-absorber may be added to improve the weatherability, or an antioxidant may be added as 
a means of preventing lowering of the heat resistance. 

The method of applying the coating composition for the cured layer containing the inorganic fine particles 
which is to be applied on the cured resin composed mainly of a transparent resin and a hydrophilic resin mav 

floJcSg o7the like 9 38 bmSh C08tin9 ' diP C ° atin9 ' r °" C ° atin9, Spray COatin9, Spin coati ' n9. 

For application of the coating composition, various pretreatments are effective to improve the cleanness 
adhesion, moisture resistance, and so forth. Particularly preferred methods are activated gas treatment ' 
chermcal treatment and UV treatment. These pretreatments may be performed together either continuously or 

St©p-WIS6. 

Activated gas treatment is treatment utilizing ions, electrons or activated gases generated at normal or 
reduced pressure. The methods of generating such activated gases include corona discharge and hiqh 
voltage discharge using direct current, low frequency, high frequency or microwaves, at a reduced pressure. 

The gas to be used is not particularly limited, and specific examples thereof include oxygen nitroqen 
hydrogen, carbon dioxide, sulfur dioxide, helium, neon, argon, freon, water vapor, ammonia' carbon ' 
monoxide, chlorine, nitrogen monoxide, nitrogen dioxide, and the like. These gases may be used alone or as 
a mixture of two or more. Of the examples mentioned above, oxygen-containing gases, particularly those 
existing natural y, such as air, are preferred. Pure oxygen gas is more preferable for improved adhesion 
During the treatment, the temperature of the treated substrate may be raised for the same purpose. 

Specific examples of chemical treatment include (i) alkali treatment using caustic soda, (ii) acid treatment 
solvInUriaume^ SUlfUri ° aC ' d ' P ° taSsium P erman 9anate, potassium dichromate, etc., and (iii) organic 

The pretreatment described above may be performed either continuously or step-wise. 

The thickness of the cured layer containing the inorganic fine particles is not particularly limited but is 
preferably within the range of 0.1 to 50 mu , and more preferably 0.3 to 1 0 mu , from the point of view of 
maintaining adhesion strength, and hardness. When applying the film, the composition is diluted in various 
solvents to adjust the operation efficiency and the film thickness, and various solvents may be used, includinq 
water alcohol, esters, ethers, halogenated hydrocarbons, dimethylformamide, dimethyl sulfoxide etc in 
STSS^ t f n fj n ; ended objf*. a mixed solvent may also be used, if necessary. From the standpoint 
of dispensability of the fine particulate inorganic oxide, polar solvents such as water alcohol 

9lyco1 - triethylene 9lyco1 ' benzyl a,coho1 ' phenethyl aicoho1 and 

I^n^^ ,a y er / ?° ntainin 9 the inorganic fine particles is obtained by curing the above-mentioned coating 
223 S "!? 6 °T 9 may be P erformed b y heat treat ™nt. The heating temperature is appropriate 
selected depending on the components of the coating composition and the heat resistance of the transparent 
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resin, but it is preferably from 50 DEG C to 250 DEG C. At lower than 50 DEG C the curing is insufficient, and 
at higher than 250 DEG C coloring and deterioration of the cured layer results. 

For the purpose of further improved heat resistance, abrasion resistance and chemical resistance of the cured 
layer containing the inorganic fine particles, there is no problem with forming a multi-layered film consisting of 
2 or more layers of the composition having the same or different component ratios. The transparency of the 
transparent resin containing the cured layer composed mainly of a hydrophilic resin and an organic silicon 
compound, which has a cured layer containing inorganic fine particles, when expressed as the total light 
transmittance when no coloring occurs, is preferably 60% or greater, and more preferably 80% or greater. 
When used for applications required optical isotropy, such as for a liquid crystal display substrate, optical disk 
substrate or the like, the birefringence is preferably below 30 nm, and more preferably below 15 nm. 

Methods which may be used to form the metal oxide film and/or metal nitride film as layer E of the present 
invention, include the vacuum deposition method, ion plating method, plasma CVD method, and sputtering 
methods such as RF discharge sputtering, DC sputtering or magnetron sputtering, and in order to impart high 
gas barrier properties the sputtering method is preferred, of which RF discharge sputtering is particularly 
preferred. Metal oxide films formed by RF discharge sputtering are prepared in an inert gas atmosphere 
and/or active gas atmosphere, using a metal oxide dielectric or insulator as the sputtering gate. The sputtering 
gas is preferably an inert gas such as He, Ne, Ar, Kr, Xe or Rn, and Ar is particularly preferred from the point 
of view of cost, availability and sputtering rate.The active gas used may be 02, N2, CO or oxygen, and 02 is 
preferably used in order to compensate for loss of oxygen by the sputtering film during formation of the metal 
oxide film. The 02 concentration (partial pressure with respect to the inert gas) is appropriately selected 
based on the type of cured layer containing the inorganic fine particles, the substrate temperature, the target 
material, the sputtering rate and the making current, but it is usually 0.1-10%. According to the present 
invention, this concentration is preferably 5% or less, and more preferably 1% or less, from the standpoint of 
alleviating plasma damage to the transparent film. Also, the substrate temperature is appropriately selected 
based on the type of transparent resin and cured film used, in consideration of the gas barrier properties, high 
transparency, adhesion, heat resistance and chemical resistance.The material used for the metal oxide film 
and/or metal nitride film may be one, or a mixture of 2 or more selected from metal oxide films made of Si02 
Zr02, Ti02, Y203, Yb203, MgO, Ta205, Ce02 or Hf02 containing the metals Si, Zr, Ti, Y, Yb, Mg, Ta, Ce or 
Hf, respectively, or metal nitride films such as Si3N4; however, from the viewpoint of cost, transparency, gas 
barrier properties and durability of the transparent conductive layer formed on the metal oxide film, it is ' 
preferably one or a mixture of 2 or more metal oxides containing Si, Al or Ti, or a metal nitride such as Si3N4. 
The gas barrier properties of the metal oxide film and/or metal nitride film is preferably 100 [cc/m.day.atm] or 
less and more preferably 0.01-50 [cc/m.day.atm]. The thickness of the metal oxide and/or metal nitride layer is 
not particularly restricted, but from the standpoint of imparting gas barrier properties and durability of the 
transparent conductive layer, it is preferably 50-2000 angstroms, and more preferably 100-1200 angstroms. 

The method of combining and the order of laminating each of the layers composing a plastic optical article 
according to the present invention, i.e. layer A (the transparent resin), layer B (the cured layer composed 
mainly of a hydrophilic resin and an organic silicon compound), layer C (the transparent conductive layer), 
layer D (the cured layer containing inorganic fine particles), and layer E (the metal oxide and/or metal nitride 
film), are not particularly restricted so long as, in the case of optical articles with a layer C (transparent 
conductive layer), there are included at least one each of layers A, B, C and D. Also, in the case of optical 
articles with a layer E (metal oxide and/or metal nitride film), the method of combination and the order of 
lamination are not particularly restricted so long as there are included at least one each of layers A, B, D and 
E.AIso, there is no problem if a single optical article contains more than one type of each layer. 

The method of combination and the order of lamination of each of the layers composing a plastic optical 
article according to the present invention is preferably, in the case of optical articles wherein layer C is an 
essential constituent element, D-A-B-D-C, D-A-D-B-C, D-B-A-D-C, B-D-A-D-C, D-B-A-B-D-C or B-D-A-D-B-C; 
in the case of optical articles wherein layer E is an essential constituent element, D-A-D-B-E D-A-D-E-B 
B-D-A-D-E, D-A-B-D-E, D-B-A-D-E, D-A-E-D-B, D-E-A-D-B, D-A-B-E-D, D-A-E-B-D, D-B-A-E-D 
B-D-A-D-B-E, B-D-A-D-E-B, D-B-A-B-D-E, B-D-A-E-D-B, D-B-A-B-E-D or D-B-A-E-B-D; and in the case of 
optical articles with both a layer C and a layer E, D-A-D-B-E-C, B-D-A-D-E-C, D-A-B-D-E-C, D-B-A-D-E-C, 
B-D-A-D-B-E-C or D-B-A-B-D-E-C, etc.ln addition, in cases where the plastic optical article of the present ' 
invention is to be used as a transparent conductive material for a liquid crystal display or the like, the method 
of combination and order of lamination of each layer is preferably D-A-D-B-E-C, D-A-B-D-E-C D-B-A-D-E-C 



A plastic optical article obtained according to the present invention has excellent gas barrier properties 
transparency, heat resistance, light resistance, weatherability, impact resistance, glazing, chemical resistance 
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and optical isotropy, and thus may be suitably applied in optical lenses such as eyeglass lenses sunglass 
lenses camera lenses, video camera lenses, goggle lenses, contact lenses, and the like. In addition it may 
be applied in light-guiding waveguide plates of liquid crystal displays and front-, rear- and roof-windows of 
automobiles and airplanes, as well as in optical disk substrates and other types of display substrate materials 
because of its excellent optical isotropy. *' 

The plastic optical articles of the present invention which have a transparent conductive layer such as ITO 
may be employed as transparent conductor materials because of their conductivity and transparency 
Specifically, they may be applied to electric circuit component materials such as capacitors and resistors 
duplicating materials for electrophotographs and electrophotographic recording; transparent electrodes for 
liquid crystal displays, electrochromic displays, electroluminescent displays and signal inputs for touch panels- 
photoelectric conversion elements such as solar cells and light amplifiers; as well as for anti-static effects ' 
electromagnetic wave blocking, heating elements, sensors, and the like. Furthermore, in view of mechanical 
characteristics, the thickness thereof is preferably 0.1-10 mm, and more preferably 0.3-1 .0 mm. 

A plastic optical article with a transparent conductive layer according to the present invention may be used as 
a heat resistant transparent conductive material since the electrical conductivity of the transparent conductive 
layer is maintained even at high temperatures. It is particularly suitable for use as a liquid crystal display 
subs rate. The heat resistant transparent conductive substrate can be applied to a liquid crystal display of a 

S r^cf ! X ^ P A S K U ° h 38 f TN (Twisted Nematic) lype ' STN < Su P er Twisted Nemati c) tyPe or ferroelectric 
liquid crystal (FLC) type, or to an active matrix type liquid crystal display such as an MIM 

Metal-lnsulator-Metal) type or TFT (Thin-Film Transistor) type, but it is preferably used for a simple matrix 
type liquid crystal display because the production process therefor is relatively simple. 

When a heat resistant transparent conductive material comprising a plastic optical article with a transparent 
omdH '^according to the present invention is used as a liquid crystal display substrate, a structure is 
employed wherein the liquid crystal is sandwiched by the heat resistant transparent conductive layer That is 
in a conventional liquid crystal display using a glass substrate, the heat resistant transparent conductive ' 
material comprising the plastic optical article of the present invention replaces the glass substrate More 
specifically, there is employed a structure in which the liquid crystal layer is sandwiched between substrates 
comprising plastic optical articles on which a passivation -film is formed, if necessary, and an orientation film is 
further superposed thereon. A polarizing plate is disposed outside each of the substrates sandwichinq the 

Eo Cn ? yer ph3Se COntrast plate and a 'faM-reflecting plate are further disposed on the liquid crystal 
display, it necessary. ^ J 

In this construction in which the liquid crystal is sandwiched between the heat resistant transparent conductive 
materials the substrates sandwiching the liquid crystal layer have a structure including a layer B (gas barrier 
layer) with high- temperature gas barrier properties and a layer E (metal oxide and/or metal nitride layer) 
disposed so that these high gas barrier layers sandwich the liquid crystal layer. Consequently the air 
permeability and moisture permeability of the substrates themselves are greatly reduced while the air 
permeability and moisture permeability of the liquid crystal layer is also suppressed, thus solving the problems 
o deterioration of the liquid crystal substance by oxygen permeation and increased power consumption oTthe 
c^staTdlsplay mo,sture Permeation, and greatly improving the life-span and reliability of the liquid 

Publicly known methods may be applied for the production of the liquid crystal display using a plastic optical 
art.de according to the presen invention. For example, in the case of a simple matrix liquid crystal display 
[see Liquid Crystal Handbook", edited by Nippon Gakujutu Shinkokai, No. 142 Committee, published by 
Nikkan Kogyo Sh.mbunsha 1 989, p.531], the liquid crystal display cell may be obtained through a series of 
steps including washing of the substrate, formation of the transparent conductive layer, fine patterning of the 
oriSon firS" 6 '? yer < coatin 9 °l resist - development, etching, washing-away of resist), formaL of an 
orientation film, rubbing treatment, washing, printing of a sealant, bonding of the substrates, heating and 
2" "f/™: vacuum deaeration, introduction of the liquid crystal, sealing of the introduction opening, 
cutting of the liquid crystal cell, fitting of the polarizing film and light-reflecting plates, and so forth In these 
TJ?J? S ?f„ y P rod, i ction ste P s - tne Production conditions should be set in consideration of the various 
characteristics of the liquid crystal display substrate employing the plastic optical article, such as heat 
resistance, mechanical characteristics, etc. 

The present invention is explained hereunder in more detail with respect to the following examples. 
The various characteristics of the transparent resin were measured in the following i 



I manner. 
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(a) Total light transmittance, yellowing 

Measured using an SM computer, product of Suga Shikenki K K 

(b) Haze 

Measured using a fully-automated direct-reading haze computer meter HGM-2DP, product of Suga Shikenki, 
K.K. 

(c) Solvent resistance 

The surface was rubbed with acetone-impregnated gauze, and the change in luster at that time was visually 
evaluated. 3 

(d) Glass transition temperature 

Measured using a Mettler DSC30. The glass transition temperature was data processed according to J IS 
K-7121, and a second run Tmg was used.The optical article provided with each of the cured films was 
measured in the following manner. 



(a) Transparency 

The transparency was examined visually under a fluorescent lamp. 

(b) Abrasion resistance 

The surface was rubbed with steel wool #0000 and the degree of scratching was evaluated 

(c) Adhesion 

One hundred squares were formed in the surface of the film with a steel knife, reaching 1 mm deep into the 
substrate, and cellophane adhesive tape ("Cello-Tape", trade name of Nichiban K.K.) was strongly bonded 
thereto, after which the tape was rapidly peeled in the perpendicular direction and any peeling of the coatinq 
was noted. * y 

(d) Film thickness 

Measured with an SE-3300 surface roughness tester, product of Kosaka Kenkyusho K K 

(e) Heat resistance 

A sample was placed on a glass plate and heated at 150 DEG for 2 hours, after which the surface condition 
(smoothness, etc.) was examined. 

(f) Mechanical properties 

A bending test at room temperature was conducted according to JIS K-7203. A bending test at 170 DEG C 
was conducted to measure the flexural modulus at 170 DEG C under a condition in which the distance 
between the support points was 10 mm and the bending rate was 0.5 mm/min, using a TOM universal tester 
(product of Shinko Tsushin, K.K.). 

(g) Yellowing 

The plastic optical article was placed on a white sheet of paper, and the degree of yellowing was examined 
visually. 

(h) Gas barrier properties 

^v e ™^? o£^ eability coefficient was determined by the constant pressure coulometric method, using an 
OX-TF^\N 2/20 MH, product of Mocon Co.The optical articles provided with the metal oxide and/or metal 
nitride films were measured in the following manner. 



(a) Appearance 
Examined visually. 

(b) Adhesion 

One hundred squares were formed in the surface of the film with a steel knife, reaching 1 mm deep into the 
substrate, and cellophane adhesive tape ("Cello-Tape", trade name of Nichiban K.K.) was strongly bonded 
thereto, after which the tape was rapidly peeled in the perpendicular direction and any peeling of the coatinq 
was noted. a 

(c) Film thickness 

Measured with an SE-3300 surface roughness tester, product of Kosaka Kenkyusho K K 

(d) Heat resistance 

Ion ^?* rance of the p,astic optical artic,e was examined visually after heating for 2 hours in an oven set to 
180 DEG C and then cooling to room temperature. 

(e) Chemical resistance 

The plastic optical article was immersed for 5 minutes in a 3% aqueous solution of sodium hydroxide at 40 
DEG C, and then washed for 5 minutes with flowing water, after which the solution was replaced with purified 
water, the water was drained with gauze and the appearance was examined visually 

(f) Gas barrier properties 

ny e x.^ was determined by the constant pressure coulometric method, using an 

M ^ pr f °?, uct of Mocon CoThe °P tical Nicies provided with the transparent conductive layer 
were measured in the following manner. y 
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(a) Appearance 
Examined visually. 

(b) Surface resistance 

(c^Adhesio^ r ° 0m temperature using a Loresta MCP-TESTER-FP (product of Mitsubishi Yuka, K.K.) 
One hundred squares were formed in the surface of the film with a steel knife, reaching 1 mm deep into the 
!£!K5?1S2^ adh6SiVe ("°f°- Ja ^ trade nama <* Nichiban K.K.) isTongTy'bonded 
wi noted Pe W3S faP y P the P er P endicular direction ^d any peeling of the coating 

(d) Film thickness 

Measured with an SE-3300 surface roughness tester, product of Kosaka Kenkyusho K K 

(e) Heat resistance 1 ' ' ' 

The appearance of the plastic optical article or the plastic optical article coated with the transparent conductive 

lemSr min * * *" 2 ^ h ° Ven S6t t0 1 80 DEG C and to room 

(f) Chemical resistance 

J Fr P r S ^H 0 fh tiCal arti ?e was immersed for 5 minutes in a 3% aqueous solution of sodium hydroxide at 40 

IS *h ♦ W3 l 1 5m . ,nutes with flowin 9 water - after which th e solution was replaced with purified 
water, the water was drained with gauze and the appearance was examined visually 

(g) Gas barrier properties 

SSSSTCSSl^ bv ^ pressure cou,ome,ric usln « an 



Example 1 



(1) Preparation of transparent resin 
Columns=2 

isopropylmaleimide26.5 g 
styrene18.5 g 
divinyl benzene5.0 g 
azobisisobutyronitrile0.05 g 

The compounds listed above were mixed and dissolved, and then cast-molded by casting polymerization The 
casting polymerization was carried out as follows. Mwymenzanon. i ne 

The outer peripheral sections of two glass plates each having a dimension of 150 mm x 150 mm and a 

monnTL 0 T Ponded soft vinvl cnloride S ask ets and the glass plates were assembled in such a 
manner as to p ace a distance of 0.5 mm between them. The monomer mixture described above was poured 
n o the glass plate assembly and polymerized at 70 DEG C for 8 hours, 100 DEG for 1 hour and 150 DEG C 
"cast plate (I)" 3 tranSparent cast -™lcted plate with a crosslinked structure (hereunder referred to as 

The glass transition temperature of this cast plate (I) was 180 DEG C, the total light transmittance was 90% 
Jo! fl n?^ and the fl6XUral ^ was 9 *°>™ a < temperature, 5?£ 

(2) Formation of cured film composed mainly of hydrophilic resin and organosilicon compound 
(a) Preparation of coating composition (A) 
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95.3 g of gamma -glycidoxypropyltrimethoxysilane was poured into a reactor equipped with a stirrer, and 21 .8 
g of a 0.01 N aqueous hydrochloric acid solution was gradually added dropwise while keeping the liquid 
temperature at 10 DEG C and stirring the liquid with a magnetic stirrer. After the drop addition was completed, 
cooling was stopped to obtain a hydrolysate of gamma -glycidoxypropyltrimethoxysilane. 

To 10 g of this hydrolysate were added, after weighing out into a beaker 180 g of a 50 wt% aqueous solution 
of polyvinyl alcohol (average polymerization degree: 600, saponification degree: 91.0-94.0 mol%), 260 g of 
water, 50 g of 1 ,4-dioxane, 0.5 g of a silicone-based surfactant and 5 g of aluminum acetylacetonate while 
stirring, and the mixture was further adequately stirred to obtain coating composition (A). 



(b) Application and curing 



The cast plate (I) obtained in (1) above was immersed in an aqueous solution of caustic soda, after which 
coating composition (A) was used for dip coating at a lifting rate of 20 cm/min, prior to precuring at 90 DEG C 
for 5 minutes and further heating at 140 DEG C for 2 hours, to form a cured layer on the cast plate (I). The 
resulting cast plate with the cured layer composed mainly of a hydrophilic resin and an organosilicon 
compound is hereunder referred to as "cast plate (II)". 



(3) Cured layer containing inorganic fine particles 



(a) Preparation of coating composition (B) 



To the 117.3 g of the gamma -glycidoxypropyltrimethoxysilane hydrolysate prepared according to (2)-(a) were 
added 216 g of methanol, 216 g of dimethylformamide, 0.5 g of a silicon-based surfactant and 67.5 g of a 
bisphenol-A type epoxy resin ("Epicoat 827", product of Yuka-Shell Epoxy K.K.). The mixture was stirred and 
270 g of a colloidal silica sol ("OSCAL-1132", product of Shokubai Kasei Kogyo, K.K., average particle size: 13 
nm) and 13.5 g of aluminum acetylacetonate were added with adequate stirring to obtain the coating 
composition (B). 



(b) Production of plastic optical article 



The cast plate (II) obtained in (2) above was dip coated in the coating composition (B) prepared in (3) above 
at a lifting rate of 20 cm/min, prior to precuring at 100 DEG C for 10 minutes and further heating at 1 10 DEG C 
for 4 hours, to form a transparent cured layer on the cast plate (II). The resulting cast plate with the cured 
layer containing inorganic fine particles is hereunder referred to as "cast plate (III)". 



(4) Formation of transparent conductive layer 



A transparent conductive layer composed mainly of ITO was formed to a film thickness of about 2000 

angstroms on one surface of the cast plate (III) obtained in (3) above, by DC magnetron sputtering under the 

following conditions. 

Columns=2 Sputtering conditions 

Target materiahlTO (Sn02, 10 wt%) 

Sputter introduction gas:Ar and 02 

Degree of vacuum:2.0 x 10 Torr 

Making currents .5 kw 

Substrate temperature:120 DEG C 

Sputtering rate: 100 angstrom/min 



The room temperature surface resistance of the side of the optical article on which the ITO film was formed 
was 22 ohms/ &squ& . After being heated at 150 DEG C for 1 .5 hours, the transparent plate provided with this 
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ITO film was cooled to room temperature, and the surface resistance was again measured and found to be 22 
ohms/ &squ& , or the same as the initial value. Furthermore, no changes were observed in the appearance, 
thus confirming that the transparent plate had excellent heat resistance. In addition, the oxygen permeability 
coefficient of the obtained optical article was 0.01 cc/m.day.atm, thus indicating a very excellent gas barrier 
property.Also, when the optical article was used to prepare a simple matrix liquid crystal display according to 
the method described on p. 531 of "Liquid Crystal Handbook" (edited by Nippon Gakujutu Shinkokai, No. 142 
Committee, published by Nikkan Kogyo Shimbunsha, 1989), which is a publicly known method for producing 
simple matrix liquid crystal displays, through a series of steps including fine patterning of the transparent 
conductive layer (coating of resist, development, etching, washing-away of resist), formation of an orientation 
film, rubbing treatment, washing, printing of a sealant, bonding of the substrates, heating and pressurization, 
vacuum deaeration, introduction of the liquid crystal, sealing of the introduction opening, cutting of the liquid 
crystal cell, fitting of the polarizing film and light-reflecting plates, etc., absolutely no generation of air bubbles 
was observed at normal temperature and pressure. Furthermore, the resulting simple matrix liquid crystal 
display was capable of displaying sharply visible dots. 



Example 2 



All of the procedures in Example 1 were followed, except that (2)-(a) was replaced with the following step. (2) 
Formation of cured layer composed mainly of hydrophilic resin and organosilicon compound 



(a) Preparation of coating composition (A) 



95.3 g of gamma -glycidoxypropyltrimethoxysilane was poured into a reactor equipped with a stirrer, and 21 .8 
g of a 0.01 N aqueous hydrochloric acid solution was gradually added dropwise while keeping the liquid 
temperature at 10 DEG C and stirring the liquid with a magnetic stirrer. After the drop addition was completed, 
cooling was stopped to obtain a hydrolysate of gamma -glycidoxypropyltrimethoxysilane. 

To 5 g of this hydrolysate were added, after weighing out into a beaker 90 g of a 50 wt% aqueous solution of 
polyvinyl alcohol (average polymerization degree: 600, saponification degree: 91.0-94.0 mol%), 260 g of 
water, 50 g of 1,4-dioxane, 0.5 g of a silicone-based surfactant and 5 g of aluminum acetylacetonate while 
stirring, 166.7 g of a colloidal silica sol ("OSCAL-1132", product of Shokubai Kasei Kogyo, K.K., average 
particle size: 13 nm) and 5 g of aluminum acetylacetonate were added with adequate stirring to obtain the 
coating composition (A). 

The appearance of the cured layer composed mainly of a hydrophilic resin and an inorganic silicon compound 
obtained in Example 2 was as uniform and transparent as the cured layer obtained in Example 1 . The room 
temperature surface resistance of the side of the optical article obtained in Example 2 was 22 ohms/ &squ& . 
After being heated at 150 DEG C for 1.5 hours, the transparent plate provided with this ITO film was cooled to 
room temperature, and the surface resistance was again measured and found to be 22 ohms/ &squ& , or the 
same as the initial value. Furthermore, no changes were observed in the appearance, thus confirming that the 
transparent plate had excellent heat resistance. In addition, the oxygen permeability coefficient of the obtained 
optical article was 0.01 cc/m.day.atm, thus indicating a very excellent gas barrier property.Also, when the 
optical article was used to prepare a simple matrix liquid crystal display in the same manner as in Example 1 , 
absolutely no generation of air bubbles was observed at normal temperature and pressure. Furthermore, the 
resulting simple matrix liquid crystal display was capable of displaying sharply visible dots. 



Example 3 



All of the procedures in Example 1 were followed, except that (2)-(a) was replaced with the following step. 



(2) Formation of cured layer composed mainly of hydrophilic resin and organosilicon compound 



(a) Preparation of coating composition (A) 
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100 g of gamma -glycidoxypropylmethyldiethoxysilane was poured into a reactor equipped with a stirrer and 
14.5 g of a 0.01 N aqueous hydrochloric acid solution was gradually added dropwise while keeping the liquid 
temperature at 10 DEG C and stirring the liquid with a magnetic stirrer. After the drop addition was completed 
cooling was stopped to obtain a hydrolysate of gamma -glycidoxypropylmethyldiethoxysilane. 

To 5 g of this hydrolysate were added, after weighing out into a beaker 90 g of a 50 wt% aqueous solution of 
polyvinyl alcohol (average polymerization degree: 600, saponification degree: 91.0-94.0 mol%) 260 g of 
water, 50 g of 1 ,4-dioxane and 0.5 g of a silicone-based surfactant while stirring, after which 166 7 g of a 
colloidal silica sol ("OSCAL-1 132", product of Shokubai Kasei Kogyo, K.K., average particle size- 13 nm) and 
5 g of aluminum acetylacetonate were added with adequate stirring to obtain the coating composition (A). 

The appearance of the cured layer composed mainly of a hydrophilic resin and an inorganic silicon compound 
obtained in Example 3 was as uniform and transparent as the cured layer obtained in Example 1 The room 
temperature surface resistance of the side of the optical article obtained in Example 3 was 22 ohms/ &squ& 
After being heated at 150 DEG C for 1.5 hours, the transparent plate provided with this ITO film was cooled to 
room temperature, and the surface resistance was again measured and found to be 22 ohms/ &squ& , or the 
same as the initial value. Furthermore, no changes were observed in the appearance, thus confirming that the 
transparent plate had excellent heat resistance. In addition, the oxygen permeability coefficient of the obtained 
optical article was 0.007 cc/m.day.atm, thus indicating a very excellent gas barrier property.Also when the 
optical article was used to prepare a simple matrix liquid crystal display in the same manner as in Example 1 
absolutely no generation of air bubbles was observed at normal temperature and pressure Furthermore the' 
resulting simple matrix liquid crystal display was capable of displaying sharply visible dots. 

Example 4 

The same procedure as in Example 1 was followed, except that steps (4) and onward were replaced with the 
following. 

(4) Formation of metal oxide layer 

A Si02 layer was formed to a film thickness of about 600 angstroms on one surface of the cast plate (III) 

obtained in (3) above, by RF discharge sputtering under the following conditions. 

Columns=2 Sputtering conditions 

Target material:Si02 

Sputter introduction gas:Ar 

Degree of vacuum:3.5 x 10 Torr 

Making current: 1.5 kw 

Substrate temperature: 120 DEG C 

Sputtering rate:50 angstrom/min 

The resulting plastic optical article is hereunder referred to as "cast plate (IV)". 

(5) Formation of transparent conductive layer 

A transparent conductive layer composed mainly of ITO was formed to a film thickness of about 2000 

angstroms on the surface of the Si02 film on the cast plate (IV) obtained in (4) above, by DC maqnetron 

sputtering under the following conditions. 

Columns=2 Sputtering conditions 

Target materiaUTO (Sn02, 10 wt%) 

Sputter introduction gas:Ar and 02 

Degree of vacuum :2.0 x 10 Torr 

Making currents. 5 kw 

Substrate temperature: 120 DEG C 
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Sputtering rate: 100 angstrom/min 

The room temperature surface resistance of the side of the optical article obtained in Example 4 on which the 
ITO film was formed I was 22 .ohms/ &squ& . After being heated at 150 DEG C for 1 .5 hours, the transparent 
plate provided with this ITO film was cooled to room temperature, and the surface resistance was again 
measured and found to be 22 ohms/ &squ& , or the same as the initial value. Furthermore, no changes were 
observed in the appearance, thus confirming that the transparent plate had excellent heat resistance In 
addition, the oxygen permeability coefficient of the obtained optical article was 0.01 cc/m day atm thus 
indicating a very excellent gas barrier property.Also, when the optical article was used to prepare a simple 
matrix liquid crystal display in the same manner as in Example 1, absolutely no generation of air bubbles was 
observed at normal temperature and pressure. Furthermore, the resulting simple matrix liquid crystal display 
was capable of displaying sharply visible dots. y p y 

Example 5 

followfng 6 pr ° Cedure 8S in Exam P |e 1 was followed, except that steps (4) and onward were replaced with the 

(4) Formation of metal nitride layer 

A Si metal layer was formed to a film thickness of about 100 angstroms on one surface of the cast plate (III) 

obtained in (4) above, by DC magnetron sputtering under the following conditions 

Columns=2 Sputtering conditions 

Target material:Si 

Sputter introduction gas:N2 

Degree of vacuum: 1 .0 x 10 Torr 

Making current:0.3 kw 

Substrate temperature: 120 DEG C 

Sputtering rate:10 angstrom/min 

The resulting plastic optical article is hereunder referred to as "cast plate (V)". 

(5) Formation of metal oxide layer 

A metal oxide layer of Si02 was formed to a film thickness of about 600 angstroms on one surface of the 

^dfflSi C3St P ' ate (V) ° bt8ined in (4) ab0V6, by DC ma 9 netron guttering under the following 

Columns=2 Sputtering conditions 

Target material :Si 

Sputter introduction gas:Ar and 02 

Degree of vacuum:3.5 x 10 Torr 

Making current: 1.5 kw 

Substrate temperature: 120 DEG C 

Sputtering rate:50 angstrom/min 

The resulting plastic optical article is hereunder referred to as "cast plate (VI)". 

(6) Formation of transparent conductive layer 

i^^^T 6 ^ l Tl C °c^ P o 0 ! ed main,y of IT0 was formed t0 a fi,m thi ckness of about 2000 
angstroms on the surface of the S.02 film on the cast plate (VI) obtained in (4) above, by DC magnetron 
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sputtering under the following conditions. 
Columns=2 Sputtering conditions 
Target materiahlTO (Sn02, 10 wt%) 
Sputter introduction gas:Ar and 02 
Degree of vacuum:2.0 x 10 Torr 
Making currents. 5 kw 
Substrate temperature: 120 DEG C 
Sputtering rate: 100 angstrom/min 

The room temperature surface resistance of the side of the optical article obtained in Example 5 on which the 
ITO film was formed was 22 ohms/ &squ& . After being heated at 150 DEG C for 1.5 hours the transparent 
plate provided with this ITO film was cooled to room temperature, and the surface resistance was again 
measured and found to be 22 ohms/ &squ& , or the same as the initial value. Furthermore, no changes were 
observed in the appearance, thus confirming that the transparent plate had excellent heat resistance In 
addition, the oxygen permeability coefficient of the obtained optical article was 0.01 cc/m.day atm thus 
indicating a very excellent gas barrier property.Also, when the optical article was used to prepare a simple 
matrix liquid crystal display in the same manner as in Example 1 , absolutely no generation of air bubbles was 
observed at normal temperature and pressure. Furthermore, the resulting simple matrix liquid crystal display 
was capable of displaying sharply visible dots. 

Example 6 

The same procedures as in Example 5 were followed, except that (2)-(a) was replaced with the following step. 
(2) Formation of cured layer composed mainly of hydrophilic resin and organosilicon compound 
(a) Preparation of coating composition (A) 

100 g of gamma -glycidoxypropylmethyldiethoxysilane was poured into a reactor equipped with a stirrer and 
14.5 g of a 0.01 N aqueous hydrochloric acid solution was gradually added dropwise while keeping the liquid 
temperature at 10 DEG C and stirring the liquid with a magnetic stirrer. After the drop addition was completed 
cooling was stopped to obtain a hydrolysate of gamma -glycidoxypropylmethyldiethoxysilane. 

To 5 g of this hydrolysate were added, after weighing out into a beaker 90 g of a 50 wt% aqueous solution of 
polyvinyl alcohol (average polymerization degree: 600, saponification degree: 91 .0-94.0 mol%), 260 g of 
water, 50 g of 1 ,4-dioxane and 0.5 g of a silicone-based surfactant while stirring, after which 166 7 q of a 
colloidal silica sol ("OSCAL-1132", product of Shokubai Kasei Kogyo, K.K., average particle size- 13 nm) and 
5 g of aluminum acetylacetonate were added with adequate stirring to obtain the coating composition (A). 

The appearance of the cured layer composed mainly of a hydrophilic resin and an inorganic silicon compound 
obtained in Example 6 was as uniform and transparent as the cured layer obtained in Example 1 The room 
temperature surface resistance of the side of the optical article obtained in Example 6 was 22 ohms/ &squ& 
After being heated at 150 DEG C for 1.5 hours, the transparent plate provided with this ITO film was cooled to 
room temperature, and the surface resistance was again measured and found to be 22 ohms/ &squ& or the 
same as the initial value. Furthermore, no changes were observed in the appearance, thus confirming'that the 
transparent plate had excellent heat resistance. In addition, the oxygen permeability coefficient of the obtained 
optica article was 0.007 cc/m.day.atm, thus indicating a very excellent gas barrier property. Also, when the 
optical article was used to prepare a simple matrix liquid crystal display in the same manner as in Example 1 
absolutely no generation of air bubbles was observed at normal temperature and pressure Furthermore the' 
resulting simple matrix liquid crystal display was capable of displaying sharply visible dots. 

Example 7 
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The same procedures as in Example 4 were followed, except that (2)-(b) and (4) were replaced with the 
following steps. 

(2) Formation of cured layer composed mainly of hydrophilic resin and organosilicon compound 



(b) Application and curing 

The cast plate (I) obtained in (1 ) above was immersed in an aqueous solution of caustic soda, after which 5 g 
of coating composition (A) was used for spin coating at a rotation speed of 1 500 rpm for 60 seconds prior to 
precuring at 90 DEG C for 5 minutes and further heating at 140 DEG C for 2 hours, to form a cured layer on 
the cast plate (I). The resulting cast plate with the cured layer composed mainly of the hydrophilic resin and 
the organosilicon compound is hereunder referred to as "cast plate (II)". 

(4) Formation of metal oxide layer 

A Si02 layer was formed to a film thickness of about 600 angstroms on the surface of the cast plate (III) 
obtained in (3) above provided with the cured layer composed mainly of the hydrophilic resin and 
organosilicon compound on the transparent resin layer, by RF discharge sputtering under the following 
conditions. 

Columns=2 Sputtering conditions 
Target material:Si02 
Sputter introduction gas:Ar 
Degree of vacuum:3.5 x 10 Torr 
Making current: 1.5 kw 
Substrate temperature: 120 DEG C 
Sputtering rate:50 angstrom/min 

The resulting plastic optical article is hereunder referred to as "cast plate (IV)". 

The appearance of the cured layer composed mainly of the hydrophilic resin and the inorganic silicon 
compound obtained in Example 7 was as uniform and transparent as the cured layer obtained in Example 1 . 
The room temperature surface resistance of the side of the optical article obtained in Example 7 was 22 
ohms/ &squ& . After being heated at 150 DEG. C for 1 .5 hours, the transparent plate provided with this ITO 
film was cooled to room temperature, and the surface resistance was again measured and found to be 22 
ohms/ &squ& , or the same as the initial value. Furthermore, no changes were observed in the appearance, 
thus confirming that the transparent plate had excellent heat resistance. In addition, the oxygen permeability 
coefficient of the obtained optical article was 0.01 cc/m.day.atm, thus indicating a very excellent gas barrier 
property.Also, when the optical article was used to prepare a simple matrix liquid crystal display in the same 
manner as in Example 1 , absolutely no generation of air bubbles was observed at normal temperature and 
pressure. Furthermore, the resulting simple matrix liquid crystal display was capable of displaying sharplv 
visible dots. J 

Example 8 

The same procedures as in Example 7 were followed, except that (4) was replaced with the following step. 
(4) Formation of metal oxide layer 

A Si02 layer was formed to a film thickness of about 600 angstroms on the surface of the cast plate (III) 
obtained in (3) above provided with the cured layer composed mainly of the hydrophilic resin and 
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organosilicon compound on the transparent resin layer, by RF discharge sputtering under the followinq 
conditions. 

Columns=2 Sputtering conditions 
Target material:Si02 
Sputter introduction gas:Ar 
Degree of vacuum:3.5 x 10 Torr 
Making current: 1.5 kw 
Substrate temperature: 120 DEG C 
Sputtering rate:50 angstrom/min 

The resulting plastic optical article is hereunder referred to as "cast plate (IV)". 

The room temperature surface resistance of the side of the optical article obtained in Example 8 was 22 
ohms/ &squ& . After being heated at 150 DEG C for 1 .5 hours, the transparent plate provided with this ITO 
film was cooled to room temperature, and the surface resistance was again measured and found to be 22 
ohms/ &squ& , or the same as the initial value. Furthermore, no changes were observed in the appearance 
thus confirming that the transparent plate had excellent heat resistance. In addition, the oxygen permeability 
coefficient of the obtained optical article was 0.01 cc/m.day.atm, thus indicating a very excellent gas barrier 
property. Also, when the optical article was used to prepare a simple matrix liquid crystal display in the same 
manner as in Example 1 , absolutely no generation of air bubbles was observed at normal temperature and 
pressure.Furthermore, the resulting simple matrix liquid crystal display was capable of displaying sharply 
visible dots. 

Example 9 

The same procedure as in Example 1 was followed, except that (2)-(a) in Example 4 was replaced with the 
following step. 

(2) Formation of layer B2 



(a) Preparation of coating composition (A) 

??«i&?/ a DMS0 ( dimetn y |sulfox 'de) solution containing polyacrylonitrile (weight average molecular weiqht- 
1 30,000) (concentration: 24.5%), 64 g of a colloidal silica sol (average particle size- 45 nm 30% 
N-methylpyrrohdone solution, Shokubai Kasei Kogyo, K.K.), 683.75 g of DMSO and 0.64 g'of a fluorine-based 
surfactant were measured out and thoroughly stirred and mixed to prepare coating composition (A). 

The room temperature surface resistance of the side of the optical article obtained in Example 9 was 22 
ohms/ &squ& . After being heated at 180 DEG C for one hour, the transparent plate provided with this ITO film 
was cooled to room temperature, and the surface resistance was again measured and found to be 22 ohms/ 
&squ& , or the same as the initial value. Furthermore, no changes were observed in the appearance thus 
confirming that the transparent plate had excellent heat resistance. In addition, the oxygen permeability 
coefficient of the obtained optical article was 0.5 cc/m.day.atm, thus indicating a very excellent gas barrier 
property. Also, when the optical article was used to prepare a simple matrix liquid crystal display in the same 
manner as in Example 1, absolutely no generation of air bubbles was observed at normal temperature and 
P r ®ssura Furthermore, the resulting simple matrix liquid crystal display was capable of displaying sharply 

Example 10 

Sowfngltep C6dUre Examp ' e 1 W3S followed > exce P t that (2)-(a) in Example 4 was replaced with the 
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(2) Formation of layer B2 

(a) Preparation of coating composition (A) 

An aqueous polyvinylidene chloride resin latex solution (DO-818, trade name of Kureha Kagaku Kogyo) was 
used. 

The room temperature surface resistance of the side of the optical article obtained in Example 9 was 22 
ohms/ &squ& . After being heated at 180 DEG C for one hour, the transparent plate provided with this ITO film 
was cooled to room temperature, and the surface resistance was again measured and found to be 22 ohms/ 
&squ& , or the same as the initial value. Furthermore, no changes were observed in the appearance thus 
confirming that the transparent plate had excellent heat resistance. In addition, the oxygen permeability 
coefficient of the obtained optical article was 0.05 cc/m.day.atm, thus indicating a very excellent gas barrier 
property. Also, when the optical article was used to prepare a simple matrix liquid crystal display in the same 
manner as in Example 1, absolutely no generation of air bubbles was observed at normal temperature and 
pressure.Furthermore, the resulting simple matrix liquid crystal display was capable of displaying sharply 
visible dots. 

Example 1 1 

The same procedure as in Example 1 was followed, except that (2)-(a) in Example 4 was replaced with the 
following step. 

(2) Formation of layer B2 

(a) Preparation of coating composition (A) 

2X„ 9 ,?f a P° lvvin y |iclene chloride resin (SARAN RESIN F216, trade name of Asahi Kasei Kogyo) 800 q of 
NMP (N-methylpyrrolidone) and 1 .04 g of a fluorine-based surfactant were measured out and thorouohlv 
stirred and mixed to prepare coating composition (A). 

The room temperature surface resistance of the side of the optical article obtained in Example 9 was 22 
ohms/ &squ& . After being heated at 180 DEG C for one hour, the transparent plate provided with this ITO film 
was cooled to room temperature, and the surface resistance was again measured and found to be 22 ohms/ 
&squ& , or the same as the initial value. Furthermore, no changes were observed in the appearance thus 
confirming that the transparent plate had excellent heat resistance. In addition, the oxygen permeability 
coefficient of the obtained optical article was 0.05 cc/m.day.atm, thus indicating a very excellent gas barrier 
property. Also, when the optical article was used to prepare a simple matrix liquid crystal display in the same 
manner as in Example 1 , absolutely no generation of air bubbles was observed at normal temperature and 
pressure.Furthermore, the resulting simple matrix liquid crystal display was capable of displayinq sharolv 
visible dots. 7 

Example 12 

(1) Preparation of transparent resin 

A cast plate (I) comprising a transparent resin was prepared in the same manner as in Example 1 (1). 
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(2) Formation of layer B2 

(a) Preparation of coating composition (A) 

?30 2 000HcoS C H°? ta i nin9 P 0 'y acr y |onitrile (weight average molecular weight: 

m ^ (concantratlon - 245 %)■ 64 g of a colloidal silica sol average particle size: 45 nm. 30% 
N-methylpyrrolidone solution, Shokubai Kasei Kogyo, K.K.), 683.75 g of DMSO and 0.64 g of a fluorine-based 
surfactant were measured out and thoroughly stirred and mixed to prepare coating composition (A) 

(b) Application and drying 

J£ e ^iH lat i (l) ° bta ' ned in (1) above was immersed in an aqueous solution of sodium hydroxide and then 
m?nf?o 6d '"^l^ngcomposition (A) at a lifting rate of 10 cm/min, prior to precuring at 90 DEG C for 5 
minutes and further heating at 160 DEG C for 30 minutes, to form a film of layer B2 on the cast plate fl 1 ? The 
resulting cast plate is hereunder referred to as "cast plate (II)". p { h ne 

(3) Formation of metal oxide layer 

£?S™ ay K r ^1° T d t0 3 fi ' m tnickness of 600 angstroms on one surface of the cast plate (II) obtained in 
(2) above, by RF discharge sputtering. The film-forming conditions were the same as listed in Example 4 (4) 

The resulting plastic optical article is hereunder referred to as "cast plate (III)". 

(4) Formation of transparent conductive layer 

"I S? n e-S V f. layer f u om P° sed main| y of IT ° was formed to a film thickness of 2000 angstroms on 

Sm foSfnolnH ?' 02 f " m Z the CaSt Plate obtained in < 3 > above - ^ DC ^^netron sputtering Yhe 
film-forming conditions were the same as listed in Example 4 (5). ^ ^ 

The room temperature surface resistance of the side of the optical article obtained in Example 12 was 22 
w«T S /± q H U f • Afte ? ein9 h ? at6d at 180 DEG C for one hour the transparent plate provided ^ wih SlTO film 

t ?#? r ° 0m temp k erature " and the surface resj stance was again measured and found to be 22 ohms 
Srminn J e t S t K m f M the ' n " a ^ Furthermore . no changes were observed in the appearance thus 
confirming that the transparent plate had excellent heat resistance. In addition, the oxygen permeab ity 
coefficient of the obtained optical article was 0.5 cc/m.day.atm, thus indicating a very excellen qas barrier 
property. Also when the optical article was used to prepare a simple matrix liquid SXS^f^Sne 
manner as in Example 1 , absolutely no generation of air bubbles was observed at normal temoe ature and 
v P i S ibfe U d e ots m ° re ' reSUltin ° SimP ' e m3triX HqUid CryStal diSP ' ay Was capable^i^jS^ 

Comparative Example 1 

A cast plate (I) obtained in the same manner as in Example 1 was dip coated in coatinq composition (B) 

TAT "I!* ?* in Example 1 at a liftin 9 rate of 20 cm >™. Prior topSSSg at 00 DEG C 
for 10 minutes and further heating at 1 10 DEG C for 4 hours, to form a cured layer containing inoraanic fine 
particles directly on the cast plate (I). The steps from (4) onward in Example 1 ^re^nSdSiAtoSSn^n 
optica article without a cured film composed mainly of a hydrophilic res^and oTganosi icon compound The 
room temperature surface resistance of the optical article obtained in ComparSvrExamDleTwa^ 2? ohmt/ 
& squ & . After being heated at 150 DEG C for 1.5 hours, the transparent S^^KbTo^lm ^ 
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cooled to room temperature, and the surface resistance was again measured and found to be 22 ohms/ 
&squ& , or the same as the initial value. Furthermore, no changes were observed in the appearance thus 
confirming that the transparent plate had excellent heat resistance. However, the oxygen permeability 
coefficient of the obtained optical article was 80 cc/m.day.atm, thus indicating an inferior gas barrier property 
compared to the optical articles obtained in Examples 1 to 8. Furthermore, when the optical article was used 
to prepare a simple matrix liquid crystal display in the same manner as in Example 1, generation of air 
bubbles was observed at normal temperature and pressure immediately after its preparation, and its functions 
as a liquid crystal display were unsatisfactory. 

Industrial Applicability 

According to the present invention, there are provided plastic optical articles with excellent gas barrier 
properties, conductivity, durability, heat resistance, abrasion resistance, transparency and chemical 
resistance. 
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